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Short Abstract: In the context of multidisciplinary 
complex systems design, modelling is a key aspect. It allows 
designers to validate designs at early design stages. 
Consequently, reducing the uncertainty regarding if the product 
fulfils the initial requirements, so they can go through the 
remaining development stages knowing that have found an 
optimal solution. In this work, a virtual prototype of an 
automated greenhouse irrigation system is modelled and 
compared with the real system implementation, finding some 
differences and similarities  between both system testing 
approaches. The intrinsic dependence of experimentation and 
modelling is also discussed, as sometimes experimental data is 
needed to feed virtual models. 
Key words: RFLP Modelling, Virtual Prototyping, 
Mechatronics, Systems Engineering, System Validation. 
1- Introduction 
Nowadays, consumers are demanding products richer in 
technologies [CS1], which means complex system 
development processes involving multidisciplinary teams. 
Additionally, product developers must reduce costs, time-to-
market and increase the overall quality of products. This has to 
be done without rising product’s price and taking care of other 
aspects like sustainability and transport, among others  [LC1]. 
Therefore, new methodologies and product development 
strategies have arisen in order to analyse and optimize such  
complex products. For instance, the VDI 2206 guideline 
integrates mechanical engineering, electrical engineering and 
information technology concepts  [R1], providing an useful 
guideline for mechatronics systems design [BJ1][FR1]. Such 
systems are rising its use among the industry and academy. 
Therefore, modelling and simulation tools must become widely 
available too and must include the main areas and disciplines 
involved in these types of systems. 
 
The RFLP (Requirements – Functional – Logical – Physical) 
modelling enables close interactions and collaboration between 
the different engineering disciplines  involved in the creation of 
these type of systems [KK1]. Enhancing the requirement 
comprehension and traceability, accelerating the product 
development, the simulation process and complex system 
analysis [S1]. It also allows the user to link the 3D model 
with logical and dynamical behaviours, creating a virtual 
prototype that can be used to validate designs within a virtual 
environment at early design phases [BT1][CU1]. This is a 
critical task while early design phases usually define a large 
percentage of lifecycle costs[MC1]. 
 
Modelling approaches, as the RFLP approach, are useful as 
physical prototypes are being replaced by virtual prototypes 
in order to validate products at early design stages  [CU1]. 
Early design validation based on virtual prototyping allows 
the designer to determine which solution fulfils the consumer 
requirements based on the simulation results [TY1]. 
Reducing the risk of equipment damage or operators injuries 
due to design errors or bad usage [ST1]. However, an 
accurate virtual prototype means slower simulation speed 
and higher development time [PR1]. Besides, when 
modelling complex systems such as mechatronics, the 
designer must have a good understanding of the real system 
in order to model it using a mathematical model [ZS1]. 
 
Finally, when modelling mechatronics systems, there is 
always some sort of uncertainty, while the verification and 
validation steps are done comparing the virtual prototype 
behaviour with real data obtained from the physical 
prototype [VF1]. Therefore, the main goal of this paper is to 
present the development process and set up of a 
mechatronics system, evaluating the differences and 
similarities found during the process of RFLP modelling and 
experimental implementation of a monitoring system for a 
greenhouse environment. 
2- Technical approach 
Greenhouses are becoming more interesting systems every 
day in terms of complexity. As the climate change 
phenomena is expanding and affecting areas not attacked 
before, these types of constructions are a reliable way to 
achieve food safety. 
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The complex agricultural environment, combined with 
intensive production requires development of robust systems 
with short development time at low cost [EH1]. The main and 
more common variables affecting a greenhouse are 
temperature, relative humidity, light intensity and soil 
moisture. In order to create an ideal greenhouse environment, a 
virtual prototype of a controlled irrigation system was designed 
and modelled using the RFLP approach. Then, a physical 
prototype was built and used to validate the virtual prototype. 
The development process will be shown next. 
2.1 – Virtual implementation 
The RFLP approach was followed in order to model the virtual 
greenhouse system. The first step was the requirements 
capture. Then, a functional structure was created based on 
those requirements in order to fulfil them completely. After, 
the logical structure was defined. Finally, the 3D model was 
created, completing the virtual model. Each step will be 
explained below widely. 
2.1.1 - Requirements 
The greenhouse monitoring system requirements were defined 
based according to Table 1. This showed the different variables 
that had to be monitored and controlled. 
ID Requirement 
1 Greenhouse variable's monitoring system and 
irrigation control for ensuring quality. 
1.1 The system must have an electrical power source. 
1.2 The system must be able to convert weather data 
into useful information. 
1.2.1 The system must process  data. 
1.3 The system must monitor ambient temperature. 
1.4 The system must monitor ambient RH. 
1.5 The system must monitor light. 
1.6 The system must monitor soil moisture. 
1.7 The system must be able to activate / deactivate 
the irrigation system. 
1.8 The system must be able to keep track of the 
times that the irrigation system is activated. 
1.9 The system must be able to send a maintenance 
alert for the irrigation system, according to pre-
defined values. 
1.10 The irrigation system activation / deactivation 
must be dependable of more than one variable 
measure. 
1.10.1 The implicated variables must be compared in 
order to decide the activation / deactivation of the 
irrigation system. 
Table 1 : System requirements 
2.1.2 - Functional 
A functional structure was created based on the system 
requirements. Functions are represented by blocks, while the 
interaction among them is represented by arrows. Each 
function or group of functions is intended to comply with a 
requirement. In this case, the functional structure was 
composed of 5 main functions: (1) simulate weather, (2) supply 
electric energy, (3) monitor weather, (4) process data and (5) 
control water flow. Besides, some of them were divided into 
sub-functions in order to clarify how that function was going 
to be accomplished. Therefore, after creating the functional 
structure, the design team has a clear vision of what the 
system should do to satisfy engineering requirements. The 
functional structure can be seen in Figure 1. 
 
Figure 1: Functional Structure 
2.1.3 - Logical 
The logical architecture was defined after creating the 
functional structure. It is composed of logical elements 
which are the system components and are represented by 
blocks. In this case, the logical architecture was composed of 
(1) environment, (2) energy source, (3) sensors, (4) a control 
unit and (5) actuators and (6) a user interface (Figure 2).  
 
Figure 2: Logical Architecture 
Additionally, each logical element was linked with a 
dynamic behaviour model or a state logic model. Therefore, 
dynamic properties and control loops are taken into account 
in the simulations. For instance, Figure 3 shows the logical 
program defined to control the valves and the alarm signal 
depending on the current state of the monitored variables. 
 
Figure 3: Logical control detail 
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2.1.4 - Physical 
Finally, the 3D model was completed and linked with the 
logical structure. Hence, physical properties of the system like 
inertias and weights were taken into account during the 
simulation. 
2.2 – Real implementation 
The study case was conducted within a greenhouse 
environment (Figure 4) in which the variable to controlled was 
the soil moisture. Control action was carried by an electro 
valve coupled to an irrigation system. Nevertheless the other 
three variables must be monitoring and the intended output 
have to be logical dependable of combinations between the 
four inputs. 
 
Figure 4 : Physical greenhouse environment 
As mentioned before the instrumented variables that mainly 
affect the greenhouse behaviour were temperature, relative 
humid, light intensity and soil moisture. For monitoring those 
variables, low-cost Arduino compatible sensors where used. 
The data gathering and processing was carried using an 
Arduino board (Table 2). 
Temperature and RH sensor DHT11 
Light sensor DFR0026 
Soil moisture sensor SEN0114 
Processor Arduino UNO board 
Table 2 : Implemented sensors and processor 
For the real implementation the entire system was packed in a 
specially designed water proof case (Figure 5), containing the 
sensors, processor and communication devices . 
 
Figure 5 : Real implementation 
The main system actuator for controlling in closed loop the 
soil moisture was a 3/4" solenoid valve attached to the main 
entrance of an irrigation system. 
The rules for valve activation / deactivation signals, were 
sent directly by the Arduino board. The system could be 
connected by wire (USB Cable) or wirelessly (ZigBee 
module) to a laptop computer which recorded the data. 
As the valve was the only component available in the system 
for a direct reaction regarding the soil moisture, the system 
was capable of sending alerts to the user after a certain 
(configurable) number of activation cycles in order to be 
aware of preventive maintenance and avoid system failures. 
3- Discussion and conclusions 
The real implementation was tested under controlled 
situations in order to determine its behaviour under different  
ambient conditions. The values of the different variables 
were forced to go to high and low levels. The simulated 
environmental changes were replicated for both, the virtual 
and the real implementations in order to define the 
similarities / dissimilarities of both reactions. The system 
sampling time can be set up by the user. For testing and 
comparative purposes a 30 seconds sample time was used in 
the real implementation, the virtual model has a resolution of 
0.25 seconds. However, as the environmental variables 
usually doesn't change so fast sampling times up to 1 hour 
have been tested for the real implementation. 
The output variables were the number of activation / 
deactivation cycles of the valve and the total time that the 
valve remains open. The total open time is used to calculate 
the water flow rate Q  which depends on the amount of water 
volume V  by time t , according to Equation 1. 
 
t
V
Q

  (1) 
The RLFP model was compared with the real behaviour of 
the implemented system in terms of the water consumption 
under the same environmental conditions . 
The presented RFLP model shows to be reliable in terms of 
simulate the expected behaviour of the implemented physical 
system. The response differences between the simulated and 
the real valve are shown in Table 3. 
Variable 
Virtual 
model 
Real 
implementation 
Dif. 
Number of valve 
actions 
5 5 0 
Total open time 390,5 390 0,5 
Water consumption 19,525 19,5 
0,02
5 
Table 3 : Response data 
Figure 6 presents the response of the virtual model directly 
from CATIA. Figure 7 presents the valve ON/OFF behaviour 
under the same conditions for virtual and real model. 
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Figure 6: Virtual model output 
Figure 7 : Valve activation behaviour (Virtual and real) 
As can be seen in Figure 7, the deviation between the virtual 
and real responses is due to the sample times differences, in the 
virtual model is possible to determine more exactly when the 
valve change its state, however for the real implementation is 
only possible to know that in between two samples it was a 
change of state.  
Having proved the reliability of the virtual model showing the 
real behaviour of a greenhouse monitoring systems allows 
users to make predictions about how the system will react 
under certain extreme conditions that are not easily achieved 
for instance in tropical countries. 
Experimentation and modelling are closely related and 
dependable as a reliable simulation is only complete once is 
compare with the physical behaviour of the system in order to 
define the similarity in the response and allows to make 
accurate predictions. 
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